Summary. Fetal pancreatic development was measured in terms of total organ DNA and insulin concentration (ng/vg DNA) in the offspring of rats made mildly diabetic by intraperitoneal streptozotocin injection (60 mg/kg) on the first and second day of life. On day 20 the mean pancreatic insulin concentration of fetuses of diabetic mothers was significantly higher than that of controls (27.8 versus 20.8 ng/~tg DNA) but no significant difference was observed on day 18 (4.47 versus 4.68 ng/~tg DNA), day 16 (0.64 versus 0.77 ng/~tg DNA) or day 14 (0.04 versus 0.03 ng/~tg DNA). No significant difference in total pancreatic DNA was observed between test and control animals on day 14, 16, 18 or 20 of gestation. It is concluded that maternal streptozotocin diabetes alters the development of the differentiated fetal B cell (20 days) but has no effect on the protodifferentiated B cell (14 days), or during the period of secondary transition (16-18 days).
The infant of a diabetic mother has B cell hyperplasia and hypertrophy, and hyperinsulinaemia [1] [2] [3] [4] . Similar observations have been made in experimental models [5] [6] [7] . The purpose of the present study was to determine at what point in prenatal life the fetal endocrine pancreatic abnormality develops. The answer to this question has relevance to the stage of development at which the B cell becomes sensitive to an abnormal metabolic milieu, and conversely the period of intrauterine life in which fetal hyperinsulinaemia may cause abnormal somatic development.
Materials and Methods
Newborn rats (Tif: RAI f (SPF)) of both sexes were injected IP on the first and second day of life with 60 mg/kg body weight of streptozotocin (Dr. J. Stanek, Ciba-Geigy, Basle), freshly dissolved in 5 mmol/1 citrate buffer (pH 4.5). Approximately two thirds of the animals survived and when aged 8 weeks they were weighed and blood was withdrawn from the retro-orbital plexus for blood glucose (glucose GOD perid | Boehringer) and plasma insulin [8] determination. The animals were given glucose by gayage (3.5 g/kg body weight) after an overnight fast, and blood was collected at 0 and 60 min for the determination of glucose and insulin concentrations. Rats of either sex with a morning blood glucose concentration of < 5.5 mmol/1 after withdrawal of food overnight, and a value of > 8.3 mmol/1 one hour after an oral glucose load, were defined as showing carbohydrate intolerance.
Female and male rats aged 12 weeks or more with proven carbohydrate intolerance were mated overnight and pregnancy was timed from the detection of sperm in a vaginal plug the next morning (day 0).
In control pregnancies both the mother and father had normal glucose tolerance. Pregnant rats were killed between 0800 and ll00h on day 14, 16, 18 or 20 of gestation and the fetal pancreases from at least five litters were pooled and frozen for DNA [9] and insulin determination. Blood was collected from the mothers for glucose determination. Pancreases from control and streptozotocin treated adult animals were collected, fixed in Bouin's solution and examined histologically by immunocytochemical staining for insulin [10] . The fractional surface area that was positive for insulin was measured morphometrically [1l] . Statistical analysis of the results was performed using Student's unpaired t-test. Results are stated as mean _+ SEM.
Results

Characterization of Parental Carbohydrate Intolerance
Streptozotocin treated females had a modest hyperglycaemia at 0730 to 0830 h but similar mean plasma insulin levels to control animals ( Table 1) . When these animals were fasted overnight the morn-O012-186X/80/0019/0054/$01. O0
ing mean blood glucose and plasma insulin levels were similar in streptozotocin injected and control animals. The degree of carbohydrate intolerance was tested by performing oral glucose tolerance tests on control and streptozotocin treated rats of both sexes and different ages ( Table 2 ). Modest and stable glucose intolerance was demonstrated over the body weight range 150-300 g, and was independent of body weight. The streptozotocin rats had normal mean blood glucose levels when fasting but abnormally raised levels 60 min after oral glucose. The mean plasma insulin level at 60 rain was also signi- Table 1 . Mean (_+SEM) blood glucose and plasma insulin concentrations in control and streptozotocin treated female rats ficantly higher in test (1.25+0.13 ng/ml, n=10) than in control animals (0.80_+0.10 ng/ml, n=9) (p < 0.05).
The diabetic rats killed on day 14, 16, 18 or 20 of gestation all had mean blood glucose levels at the time of caesarean section, similar to those of control animals, confirming both the mildness and stability of the diabetic condition.
The mean pancreatic insulin content of the test animals was 33.0+_1.7 ng/g wet weight (n= 11) compared with 57.8-+2.4 ng/g (n= 10) (p < 0.01) in control rats. The mean surface area from 4 control adult rats that was positive for insulin was 1.00-+0.23% compared with 0.52+0.05% in 4 streptozotocin treated animals (p < 0.05).
Control
Streptozotocin rats (9) 
Differentiation of the Fetal Pancreas
At the protodifferentiated state of development (14 days of gestation) no difference was observed between control and test groups in total pancreatic DNA or the pancreatic concentration of insulin (Table 3) . Similarly, during secondary transition (16-18 days gestation), when there is a dramatic growth of the pancreas and increase in insulin concentration, no significant difference was observed between control and test animals. Only at 20 days was there a significant increase of pancreatic insulin Two litters born to streptozotocin treated parents were reared and oral glucose tolerance tests were performed at the age of 8 weeks. The mean fasting blood glucose for males and females was 3.0_+0.04 mmol/1 (n=13) and 2.9_+0.06 mmol/1 (n=16) respectively, and 60min after glucose ingestion 6.5+0.29 mmol/1 and 6.9-+0.27 mmol/1, similar to those observed in control rats ( Table 2 ).
Discussion
The injection of neonatal rats with a high dose of streptozotocin on the first and second day of life resulted in the survivors developing a mild persistent glucose intolerance. When the same dose of streptozotocin was given on the tenth day of life all the animals died (unpublished observations). These findings suggest that there is a capacity for B cell neogenesis which is limited to the early neonatal period. The insulinopenic model used in the present experiments compares favourably with the model in which a lower dose of streptozotocin (30 mg/kg) is given intravenously to adult female rats at or just after mating [6, 12] since there can be no question of the drug interfering directly with early embryogenesis. When glucose intolerance is induced in pregnant rats with streptozotocin there is an increased percentage of fetal endocrine tissue on day 20 of gestation [6] which agrees well with the present finding of an increased insulin concentration on day 20. Elevated pancreatic insulin concentration was also observed in 20.5 and 21.5 day old fetuses from mildly diabetic females, but not at 19.5 days [7] .
The main finding of the present study is the demonstration that the fetal B cell is only capable of responding to the abnormal intrauterine environment when the pancreas has reached the differentiated state of development. The B cell was unresponsive in the protodifferentiated state, and also during the period of secondary transition, a time of marked growth which interestingly remained unaltered. This conclusion depends on the assumption that pancreatic insulin concentration is a valid marker of fetal B cell sensitivity. If insulin concentration is dependent mainly on the rate of insulin synthesis and largely independent of secretion, it is possible that the metabolic abnormality of diabetic pregnancy affects the fetal B cell some two days earlier, since in the normal rat fetus insulin synthesis peaks on day 18 and the maximum pancreatic insulin concentration occurs on day 20 [13] . The results may indicate fetal autonomy. This would imply that the fetal B cell hyperplasia and hypertrophy characteristic of diabetic pregnancy occurs only when the B cell becomes competent to release insulin. It would be in keeping with the observation in human diabetic pregnancy that abnormal fetal pancreatic morphology is seen only after 28 weeks gestation [1] , which corresponds to the time when the fetal B cell first secretes insulin in response to glucose. The finding that if embryonic rat pancreas is grown in organ culture from day 14 to 20 of gestation amino acids and not glucose cause the growth of more B cells, insulin accumulation, and a precocious development of the glucose secretory response, speaks for the complexity of the adaptive reaction [14, 15] . The factor or factors responsible for abnormal development of the fetal B cell in diabetic pregnancy await further elucidation.
The abnormal insulin concentration on day 20 appears to have no adverse effect on later glucose tolerance as judged from two litters. However Aerts and Van Assche [16] have reported that the female offspring of mildly diabetic streptozotocin treated adult female rats develop glucose intolerance during pregnancy and produce fetuses characteristic of a diabetic mother. The concept that gestational diabetes may be an acquired condition awaits further study.
